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Method and ,ppa ra ,u s te , 0 , oyef ^ ^ ^ ^ ^ 

(57) The invention provides a method and appara- 
tus for management of communications over media of 
finite bandwidth. One embodiment of the invention 
a lows management of communications comprising a 
plurality of data streams from a plurality of sources One 
embodiment of the invention effectively quantifies and 
controls data streams comprising data transferred at 
either regular or irregular data rates. One embodiment 
of the invention provides for estimation of data rate 
needs, measurement and analysis of current and histor- 
ical data rate parameters, dynamic allocation of availa- 
ble bandwidth, and supports cooperation between data 
sources and destinations in the management proc- 
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Description 

BACKGRQ! [NO " c T " c 'NVgNTION 
5 n RE! D OF Tr" = INVENTION 

[000n] The invention re.ates genenaUy to communication of information and. .ore par.cu.ar,, to management of 
communication of information over media of finite su ^ copyrjght prQtection . 
[0 0021 Portions cf the disc.osure of ft. paten anyone of the paten t document or the patent dis- 
« The copyright owner nas no objecfonto the <^°^^™%*Zt otherwise reserves all copyright rights what- 
closure as it appears in tne Patent and ^ ^S>' as ed trademarks and .ogos are trademarks or 

soever. Sun. Sun Mcrosystems, the Sun logo. Java. ^and aU Java ^ A| , SPARC trade marks are 

registered traded C Sur ^^1221^ the United States and other countries. Products 
usad under license and are trademarks of SPARC jjMrn« ' Sun Microsyste m S , Inc. 

bearing SPARC trademarks are based upon an arch.tecture deveiopeo y 

[0003, The a~» ~™ o, SSnSE 
another is often um,ec, by tne rate a: wh.ch infomwbon may be move ^ ^ . nformatjon mat can be 

media for transfers n* ^o^cn beh.een *^°^ d ^ ™ bandwidtn of the communication media Th,s 
transferred over it .n a qver amount of tune. Tn.s m im can be mped tnrough a particular see of 

ht is. in some sense, ana.ogous to tne maxmum amount oj waterft. a P ^ minutei tor exam- 

pipe in a given amount of wne WMe wate, ^ per second . where each bit is a binary dig*. 

P p .e. the bandwidth of a communcat.on '^^•^X^Jro or the value one and from which other larger 
A binary digit is a srrati una of .nformat.on that has erther the value zero 

example, a single user term.nal. wiiinnn(ints of a co m PU ting system is often passed at an irregular 

[00051 However, .nformat.on passed between components J* ■ ^mam to a user termina. for display, but little 
Ste. For example, much information might be ° e JTs di^ed on the user termina.. Thus, the 

!™m^ 

'—Moreover, each of the mu,ti P ,e sources ^^^^^ 
IregJariy. with .arge variations between t.mes ^t^^^ssL^ousfy. If the instantaneous demand 
uations may occur where mu.t.p.e sources ^.^^.^^.n^on medium, not all of the information will be able 
for information transmission exceeds the ^«eorn™i^on . medjum ^ a tech- 

^cssa^^ — - — such consestion of 

the medium from interfering with efficient transfer of ™°™*>™ u sponsible for creating a bottleneck to effec 

[0007] Additionally, it is not always the oommun.cat.on ^^ ^ e J m apparatus linke d by the commu- 
te communications. In some mstances. .t ,s one or instruc ting computing apparatus to perform 
nication media that causes a bottleneck. For ^£ «™ «^ n * ^ and time consuming. Under such or- 
certain tasks may be very short but the tasks requeued may b transmitted ove r a communication 
cumstances. the command itself is so snort that .t w I not resu.nn congest ^ ^ capabj|ity 

pS^hTc^ 

ro0O81 Cne example of a type of computing apparatus u .at can easny - k displays ara 

esu^of simple commands is a graphic disp.ay, «<*^^™^ZZ^^^ se.ective.y ccn- 
comprised of .arge numbers of small .mage area s he cc or ^; nt ; nS ^ jxels Tne J lay as . wh0 .e is a mosa.c of 
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EP 1 045 555 A2 

lead a graphic display device. Therefore . 

width, with the bandin ^^Z^TZ^^T * as a — 

d ™a,^^ 

ted. One approach pena.izes each of the *n^JZ£Z^Z%Z^™^ *** * t0 be tra « 
<mum data .-ate allocated to each of the sources of data TTius Z S^fln L ™ S approach reduces tfle max- 
source. For example, if the cumulative dafcrate a ^t* ' ™» * ^ ' S transm *od is reduced for each 

its/second (Mbps). but the communication^ "m is ,Ete d oTo K ^ k W ° U ' d idea "y send data is 20 «-9^ 

data rate, might normally only transm'* dl a ^e aVun^ Mbos H ***** * WbpS ° f ™ ximum 
closer to the 4 Mbps rate. If its 4 Mbps a.locatfon is reouced » 2 Mbos ° CCaS,0na "y trans «* short bursts of data 
bandwidth as it normally needs, so no adverse e^JS w„ Vn hi n « ? Sti,l be al,oca 'ed twice as much 

Only during the bursts of data W-JCT*!^^^^. d? ~ ^ ^ af0Und 1 Mbps 
^e limit. 9 4 Mbps data rate would th * data transmission be affected by the 2 Mbps 
[0011] On the other hanw f«. ~ . 

reduction of data rate iimit by SO p " consistent, data ra te. a 

could be passed within the same amount of time f b^o^uW ? f"" 0n,y half * e amount of data 

as the lower data rate limit was in dace an* to.^lZZ?^ .™" aeVe,op and con «"^ to get worse as lona 
[0012] Thus, a common reduction of 2 data mtest r^l o attemPted by the source wa * maintained, 
of the medium does not fairly and evenly £2 J^S^rET^^ att6mp,S in of the ca P aci * 

data rates are often affected more -v-r^^I^^'^^'W «"-«" and more consisted 
more irregular in their data transmission * bee " a,,0Cated ,ar 9 e data rate limits or that are 
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Shelter in A SteveTa^ is awarded to the first 

cient requests and unfairly penalizes later requesters ™ Pf ° Vides no disincentive for ineffi- 

^suchr^r^ 

the other sources requesting less bwt^ZZZ ZT.ZZVl. ?™J™?! n * h t0 be the ™st important source and 
what it deems to be the most important source wh S So S ?7 "f J 6 SCh6me S ' Ves more bandwidth » 
[0015] The problem with such a scheme* ^ c ^ 1« * ° f ,6SSer 

possible are penalized more than those that are Se^d^TJrf ba f c,ent and as little bandwidth as 
that transmit data at low data rates are actual ve^lZTi^. *? ^ bandwidttl - Moreover, some sources 
as fast as a user's fingers can deoress tn e kevs w2T£T ,i , ' * 9 enerates data only 

computer may be involved. However. j£ ^um ^IEi^t?^ n * other P^esses with which a 
begin to feel that the computer is out of conTr^ s 7n~ f° Cated t0 a ke y boa 'd is severely restricted, a user will 

scheme is also less than ideal ""^ * d ° eS " 0t reSp ° nd ra P id V to the user's keystrokes. Thus such a 

«> S^rce^ 

the communication medium wh^nT? " ^ t0 - ** ent ' >e bandwi «" of 

to use the entire bandwidth of the oommuncation m»d It T ♦! tlme ,s finis had. a second source is allowed 
sources have been allowed to use the SSSS of met m™ ? Sma "' m6aSUred amount of tima - When all 
is repeated with the first source. 7 commun.cat.on medium for a short period of time, the p recess 

45 [001 7] To allocate the bandwidth nf 

ferent sources can each be awarded liS^Z^^^J^ needS of ^ ^ent sources, the dif- 
that is awarded a 2 millisecond (mS) time S whTn the taMum tZtfTr ^ f ° ° Perate - Thus ' a scurca 

tively allocated 20 percent of the available banZdth o^hI ! f ' me S " Ces of aM sources ^OmS is effec- 

[001 3] However, TCfvt 'echniau^ -1 , , Z 6 commun,cat '° n medium. 

so appropriate time slices to Z^J^S^J 0 ' ^T' * ^ « ^ * ^ 

ignated time slices. Moreover, a technique data ° Utside of their des - 

data transmitted at the beginning of -he subseouem^^ ?! traf13miKsd * the end of one time slice and 

k£t ^r^rT af " ^rm^Cm^r" 19 scurce - f ^ mosf tdm - 

55 . tiens over meTa of fiS 'bXldwld^ ^ ^ Pr ° Vide 30 efficient and eauitable technique for managing communica- 
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si IMMA3Y Q g TUP INVENTION 

t 0020] me invention provides a method and apparatus tor ™ a ^^ 

embodiment of the invention ai.ows management of data 
ratty of sources. One embodiment of the inventon ovides for estimation of data rate 

complexities associated with time division multiplexing. accurate estimates of bandwidth needs. Based 

[0022] in one embodiment of the invention data sand the requests to the 

on these estimates, the data sources generate requests for The da baodwidth . me receiver allo- 

intended receiver of the data. The receiver orders the «J^^3*^^Sn the data sources and advises 
cates available bandwidth in the communication med.um based on these requests 

the sources of their allocations. requested bandwidth, the finite bandwidth 

[0023] Whiie the receiver attempts to allocate each data wm»£ ^T^S^aS* bandwidth exceeds 
Lit cf the communication medium sometimes prevents ^^^^^Tes^t are requesting relatively 
the total available bandwidth, the rece.ver attempts to tally jjwM* requeste of scum . 

L, S that reguhe lange amounts 0, Ba n«. . harg. reduch.n ^^.^^ ban i dm „, 0 . 

each requested large allocalion ty only a small percentage. Thus, the average percentage 

30 mt? * 9 0 e n?embSent of the invention provides a technique for predicting , tature J^JSSSESiS 
ourcls-The technique utilizes historical information ~««^^ an asymmet- 

(EM A) method to predict anticipated future data rates. °?* to decreases in data rates. 

ric technique for adapting bandwidth allocations more quickly to mcrea ses iterates man ^ 
35 mis asymmetric feature avoids the ^^^^^^ZZ se^ed to provided desired 

normally distributed streams of data or sets of bandwidth allocations. 
40 qqicc ncsr^ 'P-rmN nFTHF DRAWINGS 
[0026] 

Figure 1 is a bloc, diagram illustrating a system comprising multiple data sources according to one embodiment of 
45 the invention. 

Figure. 2 is a bloc, diagram illustrating a structure of a data source and a data receiver according to one embed,- 
ment of the invention. 

50 Figure 3 is a flow diagram illustrating a process performed by a data receiver according to one embodiment of the 
invention. 

RgU re 4 is a flow diagram illustrating a process performed by a data source according to one embodiment of the 
invention. 

Figure 5 is a flew diagram illustrating a bandwidth ai.ccation process according to one embodiment of the invention. 
Figure 6 is a flow diagram illustrating a process for aHccating bandwidth when the cumulative requested bandwidth 
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exceeds the aJlocatable bandwidth sr^rni^ . 

anowidth according to one embodiment of the Invention. 

Figure 7 is a flow diagram illustrating „ 

embodiment of me ^on^ 9 " ^ ** *« eM * bandwidth „ eeds according to one 

Figure 8 is a flow„dlagram illustratina a nm-^ ,„ 

strating a process for asymmetric tracking of data rate information. 

Figures 9A, 98, and 9C are a flow dian ra ™ : .. * • 

i-ent of the invention. a * congestion avoidance according to one embod- 

Rgure 1 0 iUustrates an example of the conges.cn avoidance technic^ according to on h h- 

H ^coramg to one embodiment of the inven- 

Figure 1 1 is a drawing of a normal 

approximating a mean p,us '" UStrati ' 19 3 representation of a statistical value 

DETAILED OESCHIPTinM ncTHri ^ 

jpng descTpS ^'^^^^^^^ ™«« of **• ^ndwidth is described. ,„ the 
present mention. It will be apparent, however. ^ZHSS^^L ' ^ th ° r ° Ugh of the 

out these speaftc details. In other instances v^mLi^ 

ssf^yssrs? r present invention ve not been described in order not "° 

.nve'ln.Th^^ used in one or more embodiment of the 

ure 1 2, or in any other computer systems including 1? P com P uter systems such as described in Flo- 

device system of Figures ,3 and 14. ' nC ' Ud ' n9 C " ent ' S *™ S ^ ems - computers, or the human interface 

Embodiment of Cnm p„t. r S cgsyflon Fnvi ^ , Harri ] 

[0029] An embodiment of the invention i,- • i 
code executed on a genera, p^^ 

code class files executable within aUava™ runtime envSn3t mnnin! ! RgUre 1 2 - the form of byte- 

runn.ng on a processor (or devices enabled to Tp^Z^l^ J- °" SUCh 3 C ° mptJter ' or the *>™ of bytecoL 
more proce on . n6twork) A Sfo^aSJ^ ST" ' diStnbUted environment (e.g. one or 

sS bu.^?^^^^ f^' 2S n . mem0,V 1215 maSS St0ra 9 e are coupled to 

both fixed and removable media, such as m^^^ZST I f' ^ m ~ St ° rage 1212 ™* »^*- 
rnas f stcrage techno(ogy 3us 1 J, ^ ^ Ptol storage systems or any other available 
1.14 or main memory 1215. The system bus 12 3 alsoTclude w '"I™* ,ines for ^dressing video memory 
betwen and among the components, such as p oce SSO M213 ^n***^' * ^ da£a tus for transferring data 

Si 9 , 6 \n A,tema H iVe,y ' mU ' tip,eX da ^S 1215 ' VidS0 — ^ «14 andmass 

[0031] m one embodiment of the invention the processor ? ° f SSparate data and addra ss lines, 

systems. Inc., such as the SPARC- microprnVes-or „r » * m,cro P roc essor manufactured by Sun Micro- 

eSOXOprocessor.oramicroprocessormruSr y ZL^S^SS^ * 

y irwei, such as the 80X36. or Pentium processor. However, any 
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~. v,» nriii-Pd Main memory 1215 is comprised of dynamic random 
other suitable microprocessor or m.crocomputer ^ * ^ d0 m access memory. One port of the video 

access memory (ORAM). Video memory p ? er 12 16 is used to drive the cathode ray tube (CRT) 

memory 1214 is coupled to video ampl.f.er 1216 The be impleme nted by any suitabie apparatus, 

raster monitor 1217. Video ampler 121 6 ^e'Unow^ un ^ s P uitabIe for use by monit0 r 1217. Mon- 
This circuitry converts pixel data storsd in v.deo memory 1 21 4 to a ra 

iter 1 21 7 is a type of monitor suitable for disp.aying graphic cq [Q bus , 21 8 . communication 
[00321 Computer 1200 may also include a communion • nte. ce 1220 p ^ ^ 

See 1 220 provides a mo-way (ISDN) card or a modem, cemmuni- 

example, if communication interface 1 220 ,s an f^^ZZilM corresponding type of telephone line, which 
cation interface 1220 provides a dat a commun.caton ««£jon£t ^ ^ communica . 

comprises part of network fink 1221 . If commumcaho .interface ^ g compatible la N . Wire.ess 

tion interface 1 220 provides a data communication «M« " sends and e|ectfiCal> elec . 

.inks are also possible. In any such ,mplementat*n various types of information, 
tromagnetic or optica, signals wh.cn carry d.gita. data through one or more networks to other data 
[0033] Network .ink 1 221 typ.cally provides data «"™ n £j£ J a , network 1 222 to lcca | server computer 
devices. For example, network link 1221 may prov.de a connecttcn throug Qvides data com . 

f 223 or to data equipment operated by "j^ 8 ^^^ nSvork now common.y referred to as the 

waves transporting the informat.on including program code, through the network(s). net- 

[00341 Computer 1200 can send "^^^^^J^^rJ^ server computer 1 226 might 
worklink122l.andcor™un^ |oca , network 1222 and 

mit a requested code for an application program through internet 

communication interface 1220. r , rr .„„ or 1213 33 it is received, and/or stored in mass storage 

sss^ ~ i— = ^ B0M -* "° pw ~* """" 

optt compot.r M o-ivos, sorvers on » »«™*. «« J™'™^, „ mp „ on!,. An emBodim.nt of mo invention 
1 1, n-nn Intgrtege rwice Computer System 

[0038 , ^o im on to n,„n.. P p, r n,o r on 1 ^ = 

sources or services. The display and input dev.ee ,s a human ' '^rface dev c ^ P ^ ^ |fl 

, such that state and computation functions have *>^^^^^^ Hma through seme intercon- 
one embodiment of the invention, one or more se ^ s ^^rated tai Figure 13. Referring to Figure 13, the sys- 
nect fabric, such as a network An * ^^SJ^ through interconnect 'abric 1301 to HIDs 

tern consists of computational seny.ee providers 1300 communicating 

1302 - „ o in -ho win ,vs-am the computational power and state maintenance is 

0 [00401 CflOBUttflB M' Service ^O^ J^J^^ ^ computer> but may fce distributed over 
found in the service providers, or serv.ces. ™« "^J^ with Rgure 12. or with traditional servers. One 

one or more traditional desktop systems such as ****** demented by one or more computers. The serrice 
computer may have one or more the centre, of a common author*/ or man- 

. ssrsKs s^rxs^v r ~ ? ; c ived _ _ 



requests and input. 
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£ 0042 1 Interconnection Fahrf^ - | n the invar**** ^ ■ . 

Pams for carrying database l^SrSS^STSTTnTS^ " ^ °' ""^ 

network implemented as an ethernet network Anv oLr S' a n «l amb0diment the Interconnect fabric is a .oca. area 
p.ates the use of wide area networks. ZteZl ^ TteZ^ °1' ""Z? ^ "™«<> n — 

sf » ith medium such 35 a ° r ;s 

and 4 2 ■uc^^^^SSlX "asTjT "If C ° mputationaJ services provided by the services 

13« and ,323. A H.Dconsists «* -X*"^ "*»• « i.-ustrates HiOs'Sf' 

1325. and audio speakers 1327. The HioEudes th e.e ' • ont ne.^ ?? ' *" ™ USe ° r pointi "9 devi " 

abric and to transmit to and receive data from *e servtoe, ^ devices t0 tne interconnection 

[0044] A -i----- • 



line 1414. An audio codec 1403 receives audio ZSZE^w!??™* ^ SUCh as a " "nernet. through 
nication is provided on lines 14 13 to USS control 14 0 " * ' SC ° UP ' ed ,0 b,0ck 1402 " ^SB datacommu- 
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ORAM 14Q6 Thfui 4rv°o"r° r - ^ ^ * 3 Sparc2e " — — - ■ 

and ATI Ragel 28 frame buffer c°n!ro^ 
zo NTSC or PAL data is provided into the video contra ler dlh S ^ Pr ° VideS SVGA ° Utput °" line 1415 - 
also be coupled to the video controller 1409 9 deCCder ,410 - A ^rtcard interface 1408 may 

SjS* ~'» ^ H '° - ^ '~ ad -Hi a **• ^ip solution including the necessary processing 

Sed toThe presen^^ignee' > S fited AprH2o''l^98 25 T*" ApP ' iCati ° n Seria ' No " 09/06 3,335. 

tSST Arc r T eCtUre ' wnic " is ^ hi! ^toVonfted S retrace ' *" ^ a °«**P 

[uu^+aj t ne computer svst*m<* rfperrfh a ^ ~i 

may be implemented in an^type of^JS^^SS^t"^ A " emb ° diment ° f 
[0049J When the cumulative data rate o7mu£*Zl ^ 9 process,n 9 environment 

width of the medium, the medium i ^ca^te o f ^Sno T^T^" 9 ^ ° V6ra mediu ™ ex «^ *. band- 
data transmission within the bandwidth Ztot *e ^uT^e 1 S ."2 31 the d6Sired data — • * maintain the 
ever, when multiple sources are transmitting ^nTa^n^l J, be d6 ' ayed ° r not sent at a »- How- 

be delayed or dropped becomes quite comoZ Sn^Z ? f ' V " 19 t,mes - 0,6 se,ection ° f which data is to 

severe reductions in system performance ^ ' See is ZSSf * ° r df ° Pped ca " rssul ^ j " 

tiple sources over a medium of finite bandvS, ^e^l^ TT^ tnecom ™^»ion of data frommul- 
exceed the bandwidth of the medium ' 3 cumu,atlve bandwidth needs of the multiple sources may 

«p.e types. For example, the InfermX*^ ^ info - a «- may be of any type or of mul- 

data representative of conditions or events ^TSSTSIZ f' • ° Vide0 dat3 ' 9raphical data - 
form. Examples of data sources include c mp Z I TaZTeai ^SSTT^ " ^ inf0rmati ° n h a "^ 0ther 
mation storage devices, network equipment sensor ; WenS' a «^H ' V,d6 ° d6Vi ° eS ' USer in P ut devices . infor- 

[0051] When information is to be sent ^T^SST^Zr'' ? ° ther S °" rc9s of information, 
of bandwidth that will be needed to transfer thTinfo^at on at an 111 t TT' *~ S ° UrCe predicts 016 amou "t 
mate of its bandwidth needs to the data receiver Tn an envf!^ f f d3ta ^ The data source seRds a " •««. 
receives estimates cf bandwidth needs from ^Vll anv,ronrn f nt WIth ™l«ple data sources, the data receiver 
needs of the multiple data sources To^^L^Z^' ^ addS me estimates ° f bandwidth 
receiver compares the cumulative data m^ZZT^ ^.^^ by the multiple data sources. The data 
information is to pass. If the cumulate* nZl !L. - ? Danawiatn of »• communication medium over which the 
dees not limit the data rate of any of the mu,tS e dal sVu^s ^'T * ™* U ™' data recsiver 

amount cf bandwidth requested by that data source t S, J ? Ce,Ver a "° Cates t0 eacn data 30urce tha 

data receiver sorts rhe amounts of bandwidm each^tf 3 b3ndWidth ° f thS commun i"ticn medium, the 

For the data sources requesting relatively low amo^t- of hf i! 30 .^ 5 ° rder ° f es£imated bandwidth required. 
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by the reduction and the extent o, bandwidth reduce ^^^^ bandwidth ^ w „, M require 
[00531 in one embodiment of the invention, datasourcss produce comprising an X window server 

£ monitoring commands being sent to the ^'^^^^t^^^S theX window server can 
monitors commands sent to an x window ci.ent prcgram ^ an ideal period of time over which such 
determine the number of brts and the number of p.xel to be "™JJJ» * e x window serv er can obta.n 

transmission shou.d occur. By dividing the commands. Likewise, by hiding the 

an ideal data rate expressed „ brts ^^SJV^^ obtain an idea, data rate expressed in pixels per 

SS5 As .is monHoring and — n pmoess con^ 

future bandwidth allocations. „ nlfnrina analysis and estimation of data rate parameters dunng 

[00551 The data sources can perform such ' resources exist at the data sources, during pen- 

periods when they are not transm.tt.ng data or. t •^^SrfSoatod bandwidth s.ows the rate at which a data 

be h ^nsm^^ 

Lent of the invention. The ^^^^^^^S^ via communication medium 102. which « 
104. 105. and 106. Data rece.ver 101 ■ coupled ^^"^ources 103-106 transmits data to data receiver 101 
capable of passing information at a f.nrte data rate. Each ^MMWMM ^ Qr 

through communication medium 102. Data sources ^^^J^^, any 9 of da L sources 103-106. 
Try ing data rates. Data receiver 101 is capable of passing format J^SL^ 0 . data receiver according to one 
[00571 Figure 2 is a block diagram .llustrating a structure of ^ ^urce uflteatlcn inter face 202. 

embodiment of the invention. The data for examp.e. a keyboard, a display, a 

Human ir.te.1aca 201 may be any type or apparatus ,or ^f^"^ ^ huma n interface apparatus, or a 
mouse or other pointing device, speakers ^^^ m J^S^'^^ for ^P' 6 " 3 ^ 
combination thereof. Human .nterface o^a combination thereof, 

card reader, biometric or other sensor, some other ^ 202 communication interface 202 allows com- 

Ii n ====S^ I- —cation interface 201 supports a 
SSSSSLon capabimy according to one option a„y. a database 206. a server 

[00591 The data source ^.^^^^S^S^^^ Se'rver 205 a.lows access to database 
205. and a client or graphic user .nterface (QUI) 204. Debase 206 si data frQm ^ 

~*^^sr£ns^~^^<^ - - — ,nrougB 

human interface 201 . interface 203. Communication interface 203 allows commu- 

' 52- JSTJUXi ^^===^ST-J —cation interface 203 supporfs a band- 
width limitation capabi.ity according to one embodiment of ^ recaiver according t0 on e embodiment 
[0061] Figure 3 is a flow diagram illustrating , a proces determines the bandwidth cf the com- 
of the invention. The process beg.ns m step 301 . In step 302, the data rac ^ ^ detef . 
45 munication medium and the number of data sources that will be » 9 bandwidth 0 f the communication medium 
mines the average bandwidth allocation for ^^^^^^^^^^ allocation determined in 
by the number of data sources. In step 304, the ^? ^^"^J^ of its bandwidth allocation. 

estimates are derived from the mon.tonng of they will be generated. By dividing the 
els that will be generated by a command and the period of time over *nici y 
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number of bits or pixels by the period of timo * 

statistical* combines Case va'uaTv^ is generate., The data source 

LndLT' ^ T V ° f V3,UeS -P-entate of t e mean p IVonTst^T^ ^ ^ <* 
P^co^ 

EL^S^ ES? 25*^^ -* - a data receive, ,„ step 405. .a 
data .-ate to conform to the bandwidth action ^ ^ lhe data S0UTCe its transmitted 

Son. /heToc^ according to one embodiment of the 

for bandwidth allocations to a data receive r I ste =03 th da* r-T TT* bandWidth " eedS and saf1d re < ues * 
width and compares it to the allocable bandwS ^'^Z^^STTT *" ^ 
medium that can be allocated for the communication of SS22,n c UdeS bandwid * of a communication 

may not include additiona, bandwidth J^S^^Z^^T T^* ** a " 0Catab,e bandwidth ma V " 
amble, cr other overhead. C '" t3te communica t'on. such as packet addressing information, a pre- 

Sban'rr^ 

If it does not. the process continues at steo SOB in Zi%n* T " corres P on ^ to references 505 of Figure 6 

a proportional share of remaining bandwTdthfs aSed to eachTtal reqUeSted * a data S0UfCe «*• 

step 502. Wldtf1 ' S al,ocated t0 each data source. From step 506. the process returns to 

Eidth ^^^^^^^~ 9 b - d width when the cumu.ative requested 
from the process of Rgure 5 at reference 505 F^mSence 505 mltT 1 °' *" ' M ° n - ^ pracess continuas 
data source requests are sorted by the amount of bandLT^ J^' P u 688 continues at step 600. In step 600. the 
bandwidth is set to the value of availab, ^T^2 A ^ S ^ ^ S At ste P 602 - the ^allocated 

total number of requests. Steps 602 and 604 ItS^olZS^Ji,"^? rema ' nin9 reqU6StS is set t0 the 
number of requests for use i. Subsequent LIS^Ta^cT^ T*l °' "^located bandwidth and 

the fair bandwidth va,ue may be eo^a, to ^example 

request S^e^ 

list, is less than the fafr bandwidth™ 9 TnT^Tn^ToT^T^T (0r ^ bandWidth in »• 
remaining requests are greater than the fa ir Talena^Ztl Z °' reqU6StS ' rt ma V be assured that a/I 
cated the fair bandwidth value at step 61 f Frcn *e D 61 6 t ToZ£« f^"*^' 3 " remainin 9 reauests are **■ 
[0069] ,. it is determined at step 60 "thaThe rlauL is ,e«T * " t<P 5 ° 2 °' Rgure 5 Via reference 5 ° 7 - 

request is allocated at step 610 At st™ m» ^ ' __ 4 7 ' 3 ™ an me fa,r Da ndwidth value, the full amount of trie 
width. At step 61 4, the number of remSnina i'T allocated * subtracted from the amount of unallocated band- 
Using such an approach, each reoue^rZ "1™ ^ ^ Py ° ne ^ and Processing continues at step 606. 
the bandwidth is partitioned such that l^^^f^T^l^T 9r<Satertnan tne ^ir bandwidth va.ue. Thus, 
needed, and others receive a -fair share" " 9 than 3 " fair snare " S« all of the bandwidth 

40 ^Zbe°^ ^- T 'e. in one or more embodiments, step 

the value is higher than the fair bandwidth vafce a!. J ^Ja ^l J* ^ bandwidth value. Once 
allocated amounts are subtracted f mm rn» ' " ^ ev,uus :^ u «sts may be allocated the full amount at step 610. all 
received actions is subtracted from Te ZtTL ZilTZT ^ ^ " Umber of re ^ ests ™ 

Toozr sat f ed with ° ut recaicu,atira a ^^^^^st 9 such an appraach - muitip,e reques:s 

Sthofior^s'tailab 

1 0 Mbps. respectiveiy. for a tota. of 1 S3 ^^^SSSS^^T 32 ' 1 ' 2 - 1 6 - 4 - 8. 48. 1 . 1 2. 20. 4. and 
the available bandwidth by 53 percent ' e ^ es ted bandwioth, .t .s clear that the requested bandwidth exceeds 

5e am^rnX^r^ <«*• ^, 4, 8. 10. t 2 . 16. 20. 32. 

remaining requests is set to the total number of q es^Te " 1 21^? "T^ ^ 1 °° MbpS) - The number ^ f 
1G0 Mbps available bandwidth by th» 12 n ata ™ c ! ( )- oandw,dth ^lue is determined by dividing the 

[0073] The first request (e.g , wLf is SSIiTh 9 ^ 73,06 °' 3 33 ' MbpS ° Sr data sc " rca - 
3.33 Mbps, it receives its full ^^^l^S^^ T" ^ ^ ^ * ' S !eS3 th£n 

leave 99 Mbps in bandwidth available for * !I IZ , ( 9- J • V1tps) 13 suttr acted from the total (100 Mbps) to 
requests. A new fair value is calculates {eg 3 M to J -I ITTV^ * 8 remaining repuests t0 
request of 1 Mbps is allocated the full 1±, lit ff 1' ' ? McpS) - S ' nC3 1 ' V ' bps is stil1 less than 9 Mbps. tt 
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allocated [he full amount The process ^s'ceatsuntil^e yalue^'flhe'r^ue^s greater than ^he^air 
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^ va,ue. When the request «, a va.ue of 1 a Mbps is -c-^ 55 
tota. bandwidth .eft/ 4 requests .eft). Since there are no data ^^es guesting more than 14.50 Mbps 

Mbps (as assumed due to the ordering of the requests), a, remammg da t"° u «^ JJ ^data sources. Thus, the 
allocated 14.50 Mbps regard.ess o« the actual amount o ^^7?^* *J + 14 . 5 + n4 . 5 + 14.5 * 14.5 
tota. amount of bandwidth allocated to the 1 2 data souses , >V ♦ V* ^ has been allocated( but ^ 

= 100 Mbps. Therefore, all bandwidth of the commun.cat.on med.unn avanao e 

total bandwidth of the communication medium has not bandwjdth of me data 

[0 0741 One embodiment of the '"-"t,on allows *e o^ght g ^ ^ ^ ^ 

sources. Such weightings can be used to mod.fy th » * ^^ AtB aoure . to b. t«n«nll- 

weightings. For example, rf a user allocation. tne user can increase the weighting 

ting data at an unacceptably low data rate because of a taw . Ca "^ a „ oca tion process. This will result in some 

of that data source relative to the other ^J^^^^S^mL to the one having the higher weighting, 
amount of a.locatable bandw.dth be.ng red* <nbuted from can transmit data . 

thereby increasing the data rate at wh,ch the ^ ^CSSnt can be given a .ower weighting to sacrifice 
[00751 Likewise, a particular data source deemed to be less ™P°/™ s individual weightings can be 

some of its allocated bandwidth «<*° b ^« Q ^ 

^jTaST^ 

- availab,e — of the communicacon 

ST -other aspect of the dynamic ^tacau^ 

biTjSSSS - P-d' ^r^tSSS a new a.tacattan t « continued commu- 
nications after the expiration of the previous allocat.cn. bandwidth needs according to 

[0078] Figure 7 Is a flow diagram il.ustrat.ng . .process J^STS^tSSi data source monitors command 
one embodiment of the invents. Tne process beg n . . ste ^ ^01 ^ step ^ ^ ^ frQm ^ 

706. the data source generates an esumate of jT^^^Sw. receives a bandwidth allocation from the 
source sands an estimate to the das recer/er. n *op 'f-^ ^^ to the bandwiatn ^cation received from the 
data receiver. In step 709. the data source adjusts its data rate to conrorm to 

data receiver. . . a ,| 0catin g bandwidth according to the procedure 

[0079] The weighting as desenbed m Figure 7 may be uul.zed ,n al.ocafi g ^ ft- ^ 

Hustrated in Figure 6. For example, each data J ouma "^[^ ^ e nte * orted at «* 600 fr ° m '° WeSt t0 
source's request (r) divided by the data source's we.ght The requ ^ * sources >n<J ^ remaining 

highest based on t. A value S may be calculated as the sum of <M « gms reques t with 

weight may be set equa. to S. Steps 602 and 604 may be perfo med as Jj££J^ S ^ calculated for each 
^ at ^^'^^25^ - -qua, to the requested weight d.vided by the tota, 
remaining weight (S) multiplied by the total remaining bandw.dth: 

(raquest_wei S ht)/(remainin g _weight ) * (remaining.bandwidth) 

At step 60S. if the current request isless * an the ^^^^^^^^ 
amount of the request at step 610. The attccat ed bandw.dth ^TX^»o,L, similar to the procedure without 
Additional the requested we.ght .s suotracted from the ^^^^6^ value, the current request and 
weighting, if the current serge's request .s gr eater than o equal I o .he fa calculations and values, if al 

al. remaining requests are allocated the fa.r For examp.e. if al. weights are equal 

r 0 ^r^ ~ ~ - ™ — of ser/,ces 

times the remaining bandwidth. 
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[0080] 



Tnis can ba al.oca.ed in ,a»m o, cycles parsed oL".,c.n2. n r=, , * ™ n "" * me P™""*". «™ « a CPU 

Ku»\ fc ,r2i'rs~r rrs D r„— — - - ■ «— 

1102. Vertical Una .103 r.praannB ma maan laZ c TL n^^t ? «urv. 1101 I. Iluatnilea avar oasallne 
jjjj. , ,o, v«« ,104 .apraaama ^^1^™:^^^ * n ° OTa ' 
[0082] The area between normal distribution cu™ 1 1 01 an n hoLr ! Standard deviation. 
» three regions are region i ,05 representing J*" ^ ^ ^ ^ 
. 11 06 representing numerical information havino van,-, . K than the mea ' 1 value 1 1Q 3. region 

tion , 1 04. and region 1 107 r**^^^!£E£S having ? 1 "« m " n P ' US ° na standard <^>- 
deviation 1 1 04. 9 numencal '"formaHon having values greater than mean plus one standard 

» ^ actual nS^T^ 3 «^ chanca *« 

^-, ft wou,d b es^^ 

mate, an estimate farther to the right along no™! £5X^™ «^ ? re9 ''° n 1 1 ° ? Wi " Sti " exceed tha 
bandwidth while providing benefit only rareiy tTs t^S^SL^T*!^^ inCrease »• re « ues * d 
tistical value for efficiently estimating banoJdth n^eds ° deViation 1104 P rovides a sta- 



25 [0085] 



30 



as 



-<0 



Snst^ 

tion is compared to the statistical vaiue In Seo 7o4 ~ " * StSP 8 ° 3 ' the current 11313 rate inf °<™- 

greater than the statical value. If so. " * « «« - — nt data rate is 

second weighting. For examp,e. a new S^cal valu^ can^f ^ 3 Statisacal ^ « canted using a 
a*.=x 2 a i + (l-x 2 >S kl , where the ^oo^S^x^^^^" 0 to fM * e « uati °- 
0087] By selecting appropriate values for * V„7 t * 6l the P rac8sa returns to step 802. 

imation of a mean piusYe'staXt^ ^V^^IZT^ ^ S » C ** S ™ a PProx- 

value a,,, will be affected more by a new i s ^ Furthermore, by selecting x, < x 2 . the new statistical 

S M less than the previous statical va,ue ^ ** e o rlT^TT^ V3 ' Ue a < tt1an * a new va '"* 

which the statistical value wi.. be influenced n^y peak i7*T S Jl * ° P ' S '° W d ° Wn " h 

[0088] When applied to the estimation oTZ,?/ *s J * tha " by ,Ulls in the S va "^- 

may transmit internment bursts 7Z^£^'£^ ***** Wi « to prevent data sources that 
width needs" because of the influence ofTe 5SS ^Ti? ^ fr0m unde ^«9 their future band- 
needed by the data bursts wi,, tend to dorn^ ^ S^,^ eStimati ° n ^ *° 



Concestfon Avoidancp 



xljzsxe: ^^^:"^^^r^ of avaiiab,e bandwidth - - - - 

amount of bandwidth is allocated not a I daU th«S ^2 ^ WaStSd However ' if more * a " mailable 

the data will be lost. *** ' S atCem P^ to oe transmitted will actually be transmitted; some of 

Sof^ * « occasional bursts of data may occur in 

be independent among the muitiole ^S^^^T^ ?t t,min9 ° f ^ ° CCaS ''° nal bursts of data ™< 
mit such a burst roughly sfrH,.tane^ 

medium. If the data rate of such iml£Zi^^SS^! 9 " ' nStantaneous ™* on the ccmmunicaticn 
[0091] Thus, a technique : S provided foVa^o Lin rt r < l ; ornm ™°n medium, data will be lost, 
fits from high reliability of modem ^^Z^^^. ' COmmunication medium. This technique bene- 
of data packet loss resulting from -^SSLT? " " " bandW ' dthS - For exam P le . the incidence 

-learcal .nterference ,s typ.ca.ly on the order of i 0 -«. Thus, the technique utilizes a 
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reasonable assumption that all lost data packets over a communication medium result from congestion of the commu- 

mosaT me AsTscussed above, a data receiver according to one embodiment of the invention allocates the bandwidW 
S tte commutation medium over which it receives data to assure adequate bandwidth such that it can rece.ve all data 
thafa seToTmSe dTta sources can transmit Nevertheless, the possibility exists that network 

11 ^mmTnication medium may drop packets if their internal buffers overflow from excessive traffic. Furthermore. 
LlthouS a da™ ^receiver has allocated resources to provide the designated amount of aggregate bandwidth ^over a 
oenod burst of data from mu.tiple data sources may arrive essentially simultaneous*, thereby overloads the da* 
Sve? buffers and resulting in lost data packets. Additional congestion may result when a <^ 
mme^.y recognize that its bandwioth allocation was cut before it sent a .arge number of commands or a large 



75 



20 



^093? ^ In'any event, a data source can refy on the reasonable assumption that data losses are caused by conges^ 
E the data source responds to the detection of data losses by blindly sending error corrections at that po.nt at the 
« ii rota aiinrated to it the congestion will likely be exacerbated. 

5£5T ^us. one embodiment the invention provides a congestion avoidance technique, fording to one 
embodiment of this technique, a data source voluntari. y limits its bandwidth use to an amount .ess than that aHccated 
toTuTme congelon elation improves. One example of a data source to which the present .nvenhon may be 

nSS ' S %wTs^S. andSC are a new diagram iHustrating a process for congestion avoidance «o^-» 
Simem 2£ fnvention. The process begins in step 90! and continues to step 90 ?• '"^.^ « o « 

te ttit .amount of bandwidth it is actual* using to the smaller of the amount of bandwidth that h« » been ^^ d * J 
and a voluntary limit established by the data source itself. The smaller of the amount of allocated bandw.dth and the 

2s orocess wiatSep 903. tf not. the process continues to step 922. In step 922, a decision is made as to whether or not 
mTba^dwWth needs have increased. If so. the process continues to step 90S via reference 91 0. If not ^the process 
! r^TZL 902 However if in step 9C3 a data error has been detected, the process cont.nues to step 904. where 
a ^ZlT^^r^ and a slow-growth bandwidth threshold are ca.cu.ated. a bandwidth 
and a voluntary limit are defined, and the congestion avoidance bandwidth limit is recanted. For exampl e tb e^low 
,„ tJrt h»nd^dth threshold may be set to be some fraction of the current congestion avo.dance bandwidth '™<- ^ an 
30 start b f ld « ,m f ^f°" the ran . e of o t t0 o a such as 0.5 of the current congestion avoidance bandw.dth limit. 

Snce bandwidth nmit As an examp.e, this fraction may be in the range of 0.2 to 0.9. such as 0.75 o flNr c^n 
TonaSon avoidance bandwidth limit The bandwidth increment value may be set to some fraction of *e current con 
35 SXoSnce bandwidth limit. As an examp,e. this fraction may be in the range of 0.005 to 0.3. such * ££££ 
?he current congestion avoidance bandwidth nmit. The voluntary limit may be set to some fraction of the current con 
gesSn avowee bandwidth ML As an examp.e. this fraction may be in the range of 0.005 to 0.9. such as 0.0625 of 

<o SnedulldTor a period from 5 to 500 mS. such as 50 mS. in the future. From step 90S. the process oorrtmues to ^step 
907 v? « ^ erence 9 P 06 n °.n step 907. a decision is made as to whether or not the bandwidth check time has ■ 
not Z proceS returns to step 907. .f. however, the bandwidth check time has passed, the process continues to step 

roo 8 991 in step 908. a decision is made as to whether or not additiona. data errors have been detected Ml ^addtiona, 
45 SSa errors have been detected, the process continues to step 909. In step 909. a deas.cn « made as to whether o 
no t adtftionaf errors occurred within a given period of time. For examp.e. this given period of time may be a pencd of 
time b^een 50 mS and 5 seconds, such as 500 mS. If additiona. errors occurred within the g.en penod of t me *e 
rocess^eturns to step 905 via reference 9! 0. If not. the process returns to step 904 v.a reference 91 1 . If. m step 908. 
nr. additional errors have been detected, the process continues to step 912. ^ ^onH^irtth 

so raiOO? S s Z 912. a decision is made as to whether or not the voluntary limit is less than the allocated band^fth 
K the o ocess returns to step 902 via reference 913. If. however, the voluntary limit is less than the abated band 
width' the process continues to step 914. ,n step 91 4. a decision is made as to whether or net the voluntary ..nut ,s 
than me slow-start bandwidth threshold. If not. the process continues to step 913 v.a reference 915 
[0101* I" ^ep 913. the va.ue of the voluntary limit is increased by the amount of the bandw.cth .ncrement /alue. 

55 Sl0 2 r P ?t Z^T^sll than the s.ow-start bandwidth thresho.d. the process cor, ti nues to 
° 3 8 m s teo 91 6. the vo.untar/ limit Is substantially increased. For example, the voluntary limit may b nc. eased 
by Lltiplying it by a given factor. For examp.e, if a given factor such as two is used, the voluntary .irn.t ,s doubled .n .eo 
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"» m « '"«"= «-«**»> the banaWgi,, criecR ^^.au,.^?. " *°" , """ ) «> 905. For scamp... «. 

a=,r^^ 



70 



75 



errors arc caused by congesticn. it is important for the 

ie congesoon to be reduced. Hcwever th s crincinle i* hai an ^ Q w ^ u,el ror some llm e :o 

data source «o r e ,ur„ ,o a typical rate of flmm ^^^S^.'ST 1 PrinC, ' P ' e *« » is 
the data provoed by the data source. By q u ckl7red3na thl 2^1^ ^ * ^ P e ™Pt'°n of a .ong pause in 
increasing ,„e aata rare ur til lhe data ^ ^2^**J?". * 3 ,0W ,evel - doubHng or otherwfse cuicX.V 
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35 



increasing me data rare urti. ,he data rate has been restored to sZl iJ T ^ doub «"9^ otherwise quick* 
pnn c:p.as ar. an<j i^^TlSSS tL 1"/ ^ M °' "» fcrm ^ value, these 

SioT T: r; was a-Me ^ may be - s fo-er :r e 71,6 data rate ^ ^ » *• — ««« « 

is increased r^, " SUCh 35 half ' °' *s former va.ue. the data rate 

higher fraction 0 r « 'o^- va, ue tn e data^te i ^ ncreased even m I ^ ° nCe *• data rate has re *ched ^ 
ing" effect to dete™ c , w , „„„ Ie>/e| of t»^^^TS^^?l ^ Pr ° CeSS a,,OWS a 

data .-ate is increased rowan, „ s , orrner leve( °JlL*tT C °" tr ' buted to the da ta error that was detected If. as the 
increased to recuce adct.ona ccnge^CTi „7^?S^ ^ *" ^ h ^ reduced and 
he amount of banow-cm usee ^ me data 8 "^'ftl "Vam/u J « k T ^ ex P eriencad . the process increases 
[0107] Fi gJ re -0 ...ustrates an example of thTcnnl^ „ bandwidth a "°«ted to the data source, 
invention. The process bec-ns ,n steo , 00, ZZZS^S^!*^ t0 one embodiment of the 

relatively high data rare in step ,003. a dJZZS^Z?Z£!? 9 ^ 3 data SCUrcs tr3nsmits da * at a 
• detected, the process returns , 3 100 2 f however fdlt Z T * 6rr ° r iS detected lf ~ data error 

its former va.ue. ,t a 3 ara error , s .eteSeVr^^ ? 3 l ° Some fra ^"- *r examp.e haif. of 

,006. in step ,006. the data source attempJ^a^eT^w^n? 0thetw ' ss - the process continues tosteo 
former va.ue. for ex a m Ple . 0.75. ,f a data er^or is dented teanZT* * ^ t0 SOme hi 9 her fraction * 
continues to step ,007. ™ f ,S dets - ted . the process returns to step ,004. Otherwise, the process 

[0109] in step 1C07 the data sou mo att 

width allocated to the data source. From Xe^wZZZ"* "T^ '"""^ itS data rate t0 the fu » ^°unt of band- 
[0110] Thus, a method and apparatus !rmf P rehJmS t0 Step 1002 - 

described in conjunction with one or more X^IZ^^^ZT^" 3 " ""^ °' fi " ite bandwid ^ "as been 
<o scope of equivalents. ***°* XC embodlm ents. The mvent.cn is defined by the claims and their full 

[0,11] The features disc.'csad in th*» hn™:™ ^ . . 

Claims 

1. A method comprising the steps of: 

= , , »„a sone a o, >a„« ^ „ a perfoml „ g w ma ,, g fer a , , east of esj _ 

obtaining a fair bandwidth value- 

^^!^^TdT^T iS lSSS th3n S3id ba « value- and 
value. m ° Um ° f a3 ' d 3Stimate of ^ d w«dth need if said need is less than safd fair bandwidth 

. The method of claim 1 furrhp-^rmr-r;-; ^„ 

-cmpn„ng a.locat.ng said fair bandwidth value to a„ remaining estimates if said need 
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Is greater than or equal to said fair bandwidth value. 

. T*. m ,0,.d .. dim , *m* S3,. Mr MM* . » a™ U n, .. unalLcaec, « • 

number of remaining estimates. 
. -The method of claimj wherein said estates of bandwidth needs are sorted from ,owest to highest bandwidth. 
5. me method of Cairn 1 wherein each estimate of bandwidth need is sorted by said estimate divided by a data 
source's weight 

ing weight multiplied by remaining bandwidth. 
7. A system comprising: 

one or more data sources configured to transmit estimates of bandwidth needs; 
a data receiver configured to: 

sort said estimates of bandwidth needs: 

for at least one of said estimates of bandwidth needs, 

value; 

8 me -tern of claim 7 wherein said data receiver is further configured to allocate said fair bandwidth va,ue to all 
^ai^g estimates if said need is greater than or equal to said far bandwiath v-lue. 

9 . The system of c.aim 7 wherein said fair bandwidth value is the amount of unal.ocated bandwidth divided by a 
number of remaining estimates. 

10 The system of claim 7 wherein said estimates are sorted from lowest to highest bandwidth. 

,1. The system o, claim 7 wherein each estimate of bandwidth need is sorted by said estimate divided by a data 
source's weight 

12. The system of claim 1 1 wherein said fair bandwidth value is equal to said data source's weight divided by a remain- 
ing weight multiplied by remaining bandwidth. 

13. A computer program product comprising: 

' a computer usable medium having computer readable program code embodied therein configured to allocate 

bandwidth, said computer program product comprising: estima tes of bandwidth needs from 

4S computer readable program code configured to cause a computer to obtain est.mates 

a olurality of data sources: animates of bandwidth needs; 

one estimate of bandw.oth need; com n Ut er to determine if said estimate of bandwidth 

so computer readable program cede configured to cause a computer 

need is less than said fair bandwidth value; and amoun£ Qf ^ estirra:e of 

computer readable program cede configured to cause a corrput.r 10 am, 
bandwidth need if said need is less than said fair bandwidth value. 

equal to said fair bandwidth value. 
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FIG. 2 
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DATA RECEIVER DETERMINES BANDWIDTH OF [/ 
COMMUNICATION MEDIUM AND NUMBER OF DATA SOURCES 
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I 



DATA RECEIVER DETERMINES AVERAGE 
BANDWIDTH ALLOCATION 
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DATA ttZEKEn ALLOCATES AVERAGE BANDWIDTH \y 
ALLOCATION TO EACH DATA SOURCE 



i 



305 



DATA RECEIVER RECEIVES ESTIMATES OF BANDWITH 
NEEDS FROM DATA SOURCES 
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DATA RECEIVER REALLOCATES BANDWITH ALLOCATIONS y 
BASED ON RECEIVED ESTIMATES 
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DATA SOURCE MONITORS COMMAND ISSUANCE 



DATA SOURCE ESTIMATES BANDWIDTH NEEDS IN BOTH 
BfTS PER SECOND AND PIXELS PER SECOND 
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DATA SOURCE TRANSMITS ESTIMATES OF BANDWIDTH 
NEEDS TO DATA RECEIVER 
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DATA SOURCE RECEIVES BANDWITH ALLOCATION 
FROM DATA RECEIVER 
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DATA SOURCE LIMITS TRANSMITTED DATA RATE 
TO CONFORM TO BANDWITH ALLOCATION 
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DATA SOURCES ESTIMATE BANDWIDTH NEEDS AND SEND 
REQUESTS FOR BANDWIDTH ALLOCATIONS TO DATA 

RECEIVER 
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DATA RECEIVER DETERMINES CUMULATIVE REQUESTED 
BANDWIDTH I AND COMPARES IT TO ALLOCATABLE BANDWIDTH 
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ALLOCATE TO EACH DATA SOURCE ITS REQUESTED BANDWIDTH 
PLUS A PROPORTIONAL SHARE OF REMAINING BANDWIDTH 



506 



/ 



FIG. 5 



20 



EP 1 045 555 A2 



c 




505 



SORT DATA REQUESTS BY AMOUNT 
OF BANOWIDTH REQUESTED 



SET UNALLOCATED BANDWIDTH TO 
THE AVAILABLE BANDWIDTH 



600 



602 



SET REMAINING REQUESTS TO 
TOTAL NUMBER OF REQUESTS 



CALCULATE A FAIR BANDWIDTH VALUE 



CURRENT 
REQUEST LESS THAN FAIR 
BANDWIDTH 
VALUE? 



608 



ALLOCATE FULL AMOUNT OF 
BANDWIDTH REQUEST 



SUBTRACT ALLOCATED AMOUNT FROM 
AMOUNT OF UNALLOCATED BANDWIDTH 



604 



606 



-NO- 



616 



ALLOCATE FAIR 
BANDWIDTH 

VALUE TO ALL 
REMAINING 

DATA 
REQUESTS 



610 



612 



507 



SUBTRACT 1 FROM THE REMAINING REQUESTS 



614 



FIG. 6 



21 



EP 1 045 555 A2 




701 



702 



DATA SOURCE MONITORS COMMAND ISSUANCE 



I 



DATA SOURCE CALCULATES NUMBERS OF BITS AND PIXELS 
RESULTING FROM COMMANDS 



703 



704 



DATA SOURCE APPLIES A WEIGHTING RELATIVE TO / 
PREVIOUS STATISTICAL VALUE 



705 



DATA SOURCE CALCULATES A NEW STATISTICAL VALUE 



T 



706 



DATA SOURCE GENERATES ESTIMATE OF BANDWIDTH NEEDS / 
BASED ON NEW STATISTICAL VALUE 



I 



707 



•DATA SOURCE SENDS ESTIMATE TO DATA RECEIVER 



I 



708 



DATA SOURCE RECEIVES BANDWIDTH ALLOCATION FROM / 

DATA RECEIVER 



i 



709 



DATA SOURCE ADJUSTS DATA RATE TO CONFORM TO 
BANDWIDTH ALLOCATION 



FIG. 7 



22 



BP 1 045 555 A2 




START 




801 



OBTAIN CURRENT OA! 


'A RATE INFORMATION 


. 1 


r 


COMPARE CURRENT OATA RATE INFORMATION TO s 
STATISTICAL VALUE 



802 



803 



804 



IS CURRENT DATA RATE 
GREATER THAN 
STATISTICAL 
VALUE? 



YES- 



805 



CALCULATE NEW STATISTICAL 
VALUE USING FIRST WEIGHTING 



CALCULATE NEW STATISTICAL VALUE 
USING SECOND WEIGHTING 



806 



FIG 8 



23 



EP 1 045 555 A2 




START 




901 



913 

or 



ltt 5^Lm pp vm IIP REFERRED TO AS AC0NGEST10N 



THE SMALLER VALUE REFERRED TO AS 

AV0I0ANCE BANDWIDTH UMIT) 




904 
/ 


VCQ J 






CALCULATE SLOW-START BANDWIDTH THRESHOLD AND 
SLOW-GROWTH BANDWIDTH THRESHOLD, 
DEFINE A BANDWIDTH INCREMENT VALUE 
DEFINE A VOLUNTARY LIMFT AND RECALCULATE THE 
CONGESTION AVOIDANCE BAN0WI0TH LIMIT 


905 


-1 


\ ■ 




SCHEDULE A BANDWIDTH 


CHECK TIME IN THE FUTURE 




FIG. 9A 



24 



EP 1 045 555 A2 



906 




25 



EP 1 045 555 A2 



915 

INCREASE VOLUNTARY UMIT BY BANDWIDTH 

INCREMENT VALUE AND RECALCULATE 
CONGESTION AVOIDANCE BANDWIDTH LIMIT 



918 



917 



919 



ISTHE VOLUNTARY LIMIT 
NOW ABOVE SLOW-GROWTH 
BANDWIDTH THRESHOLD? 



.921 



.YES 



1 



920 



/ 



SCHEDULE BANDWIDTH 
CHECK TIME TO LONGER 
TIME IN THE FUTURE 



DATA SOURCE LIMITS ITS BANDWIDTH USE TO 
THE CONGESTION AVOIDANCE BANDWIDTH LIMIT 




906 




910 



FIG. 9C 



26 



EP 1 045 555 A2 




1001 



1002 




Nl ° ATA SOU RCE TRANSMITS DATA AT A RELATIVELY 

HIGH OATA RATE 




-YES 



1004 



DRASTIC A » ' 



'• V FFOUCE DATA RATE IMMEDIATELY 



1005 

\ 


ATTEMPT TO RAPIDLY RESTORE DATA RATE TO SOME 
FRACTION OF FORMER VALUE 


~ IF 
ERROR 






1006 






pI^H RELAT,V ELY SLOWLY INCREASE DATA 
RATE TO SOME HIGHER FRACTION OF FORMER VALUE 


,, 

ERROR 






1007 

\ 


I 




r *V!^ T T ° EVEN M0RE SL0Wl - Y INCREASE DATA 
HATE TO FULL AMOUNT OF BANDWIDTH ALLOCATED 


IF 
ERROR J 




TO DATA SOURCE 
~~ ' 1 





. FIG. 10 

t 



27 



EP 1 045 555 A2 




23 



EP 1 045 555 A2 




30 



EP 1 045 555 A2 




31 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



Q-~BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 




wlS PA6E BLANKS 



